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ABSTRACT: 

PURPOSE: To enable the impurity diffusion into the deep of a 
semiconductor 

single crystal by irradiating it with a H ion beam or gamma ray from the 
front 

side while being heated at a specified temp, after forming an impurity 
doped 



2/11/05, EAST Version: 2.0.1.4 



layer on the front thereof by the epitaxial growth or ion implantation 

* 

method . 

CONSTITUTION: On an n-type SIC sintgle crystal su&straate 11 an n-type 
epitaxial layer 12 is formed by the thermal CVD method and ion 
implantation is 

made while heating the SiC. The SiC is irradiated with H ion beams or 
gamma 

rays while being heated at 500-1 500°C. To obtain the same diffusion 
depth 

here, the accelerating voltage of the H ion beam is about 1.5 times that for 
Si. After the mesa etching by the reactive ion etching method, the thermal 
oxidation and sputtering method are applied to form a SIO<SB>2</SB> 

passivation 

17, a Ni electrode 18 at the n-type side and Al electrode 16 at the p-type 
side 

are formed and heat treated at about 1000°C in vacuum for several 
minutes. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the creation approach of a semiconductor device of 

having wideband gaps, such as silicon carbide. 

[0002] 

[Description of the Prior Art] A wide gap semi-conductor has the physical properties suitable for high 
pressure-proofing, such as high dielectric-breakdown electric field and saturation drift velocity of a big 
electron, and an elevated-temperature component reflecting a large band gap. Especially, much crystal 
system exists in silicon carbide (SiC), and it has 2.3 thru/or forbidden-band width of face of 3.0 electron 
volts according to a crystal structure. Moreover, in p mold and n mold, a dopant exists also in process, 
and control of a conductivity type is possible. About p mold, as for the dopant of SiC, nitrogen (N) and 
phosphorus (P) are known about aluminum (aluminum), boron (B), and n mold. Moreover, SiC can 
create a good insulator layer by thermal oxidation like Si. Therefore, SiC is a leading candidate of the 
component of a semiconductor device who changes to Si. The application to the electronic technical 
field of component for large power, high-temperature-service component, radiation-proof component, 
optoelectric-transducer, and others versatility [ component / which was created using SiC ] is expected. 
[0003] 

[Problem(s) to be Solved by the Invention] Although it was known for many years that SiC is suitable 
for the high proof-pressure device from the physical properties, since the process technique is difficult, 
the switching device which fully harnessed the physical properties which were excellent in SiC is not 
created. Especially, the local impurity doping technique for high proof-pressure planar mold p-n 
junction formation is indispensable to high proof-pressure device creation. Although thermal diffusion is 
generally used for local impurity doping in Si device creation, about [ thermal diffusion ] 2000-degree C 
elevated temperature with a very small impurity diffusion multiplier is required for SiC, and it is 
accompanied by sublimation of the front face of SiC. For this reason, the usual impurity diffusion 
approach which is applied by Si is unapplicable to SiC. Therefore, ion-implantation is used for local 
impurity doping. However, since ion-implantation is accompanied by installation of a crystal defect, 
formation of the p-n junction of high pressure-proofing is difficult (J. Appl.Phys., 63, (1988), 922.). 
[0004] This invention aims at offering the local impurity doping method for high proof-pressure planar 
mold p-n junction formation required for high proof-pressure SiC device creation. 
[0005] 

[Means for Solving the Problem] This invention is the silicon carbide semiconductor device creation 
approach characterized by making diffusion of the impurity from said impurity doping layer to said 
silicon carbide single crystal depths accelerate by irradiating a hydrogen ion or a gamma ray from said 
front-face side, heating said silicon carbide single crystal at 500 degrees C thru/or 1500 degrees C, after 
forming in a silicon carbide single crystal front face the layer which carried out impurity doping with 
epitaxial growth or ion-implantation in view of an above-mentioned problem. 
[0006] 
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[Function] Diffusion of an impurity is migration by an impurity atom exchanging a hole and a location. 
A diffusion rate is dependent on the consistency of the hole under crystal. The balanced hole consistency 
of a crystal increases with a temperature rise depending on temperature. However, since Si-C association 
of SiC is strong, also in the temperature region (1000 degrees C thru/or 1200 degrees C) used for the 
thermal diffusion in Si, a diffusion rate is very small [ SiC / balanced hole concentration ] small. 
[0007] Since the superfluous hole to the inside of a SiC single crystal is introduced by irradiating a 
hydrogen ion or a gamma ray from a front-face side according to this invention, heating said silicon 
carbide at 500 degrees C thru/or 1500 degrees C after forming in a silicon carbide single crystal front 
face the layer which carried out impurity doping with epitaxial growth or ion-implantation, it becomes 
possible to make impurity diffusion accelerate. Moreover, after forming the layer which carried out 
impurity doping by alternative epitaxial growth or the ion implantation, local doping is possible by 
irradiating a hydrogen ion or a gamma ray from a front-face side, heating said silicon carbide single 
crystal at 500 degrees C thru/or 1500 degrees C. It is good for a dopant to use N and P about aluminum, 
B, and n mold stratification about p mold stratification. 

[0008] By using a mask in the case of the exposure of a hydrogen ion or a gamma ray, and irradiating it 
locally, accelerating of local diffusion is possible. Moreover, the p-n junction formed by the above- 
mentioned approach can control concentration distribution of an impurity with a sufficient precision 
stair-like toward the direction of a semiconductor device front face from a junction interface by 
controlling the exposure conditions of a hydrogen ion. 

[0009] Since the impurity doping approach by this invention uses the permutation of a hole and an 
impurity atom, the high concentration whose high impurity concentration of a diffusion layer is three or 
more [ 1x1019cm - ] is obtained. Moreover, the rate of activation of an impurity is high. Therefore, the 
silicon carbide semiconductor devices possessing the p-n junction formed in this way are high pressure- 
proofing and low resistance, and show the property stabilized also in the elevated temperature. 
[0010] For the creation approach of the semiconductor device by this invention, although it is especially 
effective when silicon carbide is used as a semiconductor material, not only silicon carbide but a band 
gap is 2.0eV. Association between atoms is effective about the semiconductor material which diffusion 
cannot produce easily by the powerful usual approach like the wide gap semi-conductor which it is 
above, i.e., a diamond, and a nitride. 
[0011] 
[Example] 

(Example 1) The ion implantation of aluminum is performed on condition that acceleration voltage 
50keV and dose 5xl014cm-2, heating n mold epitaxial layer (12) of carrier concentration lxl016cm-3 
after formation, and heating SiC at 1000 degrees C with Heat CVD on the carrier concentration [ of 
2x1018cm ]-n mold SiC single crystal substrate (1 1) of 3, ( drawing 1 (a)). Furthermore, it is a hydrogen 
ion, heating SiC at 1000 degrees C Acceleration voltage 15keV and lxl012cm-2sec-l 30 and 60min It 
irradiates ( drawing 1 (b)). When acceleration voltage is the same, the trespass depth of a hydrogen ion 
is the abbreviation 2/3 for Si. Therefore, when obtaining the same diffusion depth, the acceleration 
voltage of a hydrogen ion is the abbreviation 1.5 for Si. It may be twice. The depth direction distribution 
of the high impurity concentration by SIMS is shown in drawing 2 . aluminum is spread in the depth 
direction with buildup of irradiation time. Moreover, when the crystal damage by hydrogen ion exposure 
was investigated with the Rutherford backscattering method (RBS), the backscattering reinforcement 
obtained from RBS was equivalent to perfect crystal ( drawing 3 ). After reactive ion etching (RE) 
performs mesa etching, it is Si02 by thermal oxidation and the spatter, aluminum (16) electrode is heat- 
treated for passivation (17) in a vacuum for several minutes around after [ formation ] 1000 degrees C 
after formation and to n mold side at nickel (18) and p mold side ( drawing 1 (c)). The I-V property of 
the p-n junction formed in drawing 3 by this invention is shown. The p-n junction created using this 
invention method shows high pressure-proofing of about 1000 V. 

[0012] In addition, since the trespass depth can be controlled by acceleration voltage when using a 

hydrogen ion exposure, the diffusion depth can be set up with a sufficient precision. 

[0013] (Example 2) It is n mold epitaxial layer (12) of carrier concentration lxl016cm-3 by thermal 
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oxidation after formation, and the spatter in Heat CVD on the carrier concentration [ of 2x101 8cm ]-n 
mold SiC single crystal substrate (1 1) of 3 Si02 An ion-implantation mask (19) is formed. The ion 
implantation of aluminum is performed on condition that acceleration voltage 50keV and dose 
5xl014cm-2, heating SiC at 1000 degrees C ( drawing 5 (a)). Furthermore, it is a hydrogen ion, heating 
SiC at 1000 degrees C Acceleration voltage 15keV and lxl012cm-2sec-l 30 and 60min It irradiates 
( drawing 5 (b)). aluminum (16) electrode is heat-treated in a vacuum for several minutes around after 
[ formation ] 1000 degrees C to n mold side at nickel (1 8) and p mold side ( drawing 5 (c)). The planar 
mold p-n junction created using this invention method shows high pressure-proofing of about lOOOv. 
[0014] (Example 3) The mimetic diagram of the electrostatic-induction mold diode created using the 
impurity doping approach by this invention to drawing 6 is shown, n mold epitaxial layer (12) of carrier 
concentration lxl016cm-3 is formed with Heat CVD on the carrier concentration [ of 2x1018cm ]-n 
mold SiC single crystal substrate (1 1) of 3. aluminum ion is locally poured in through a mask on 
condition that acceleration voltage 50keV and dose 5xl014cm-2, heating SiC at 1000 degrees C. 
furthermore - while heating SiC at 1000 degrees C - lxl012cm-2sec-l a hydrogen ion - acceleration 
voltage - 60min exposure is carried out 15 keV. 60min exposure is continuously carried out by 
acceleration voltage 50keV. The junction depth is about 0.7 micrometers. It becomes. It is Si02 by 
thermal oxidation and the spatter. Passivation (17) is used after formation and for a cathode side, 
aluminum (16) is used for a nickel (18) and anode side, and an electrode is formed. The SiC 
electrostatic-induction mold diode formed of this invention showed the property stabilized also in the 
elevated temperature in high pressure-proofing and low resistance. 
[0015] 

[Effect of the Invention] As this invention explained above, local impurity doping by diffusion is 
attained also in SiC. The components formed by this approach are high pressure-proofing and low 
resistance, and show the property stabilized also in the elevated temperature. 



[Translation done.] 
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